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In as much as there has been recent renewed interest 
in an infrequently described clinical entity seen in chiluren, 
which closely resembles the classical cases of' pseudohypertro-
phic muscular dystrophy of this same age group, it has seemed 
appropriate to compare the similarities and dissimilarities 
between these two disease states. No attempt has been made to 
cover the extensive literature concerned with these uiseases or 
other closely related diseases, since the literature has been 
adequately reviewed by other writers.38, 44, 46 However, 
attention has been given to a number of cases reported in the 
literature which presented baffling diagnostic problems at the 
time of description. Coupled with this, several cases recentLy 
seen at the Massachusetts ~emorial Hospitals Muscular Dystrophy 
Clinic, and the Pediatric Clinic of the Boston City Hospital, 
will be reviewed. A discussion of the clinical picture, the 
pathology, and the diagnostic studies wilL be included. Because 
the etiology of polymyositis still remains obscure, two lines of 
future investigation will be proposed. 11· pursued, these stud-
ies might aid not only in solving the mystery of the etiology, 
but might also give the clinician a positive laboratory test by 
which he could confirm his clinical diagnosis. 
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CAbES REPORTED IN THE LITERATURE 
In 1906, Armand-Delille and Albert-Weil2 reported on 
a seYen-year-old boy, who for two months before he was first 
seen, had experienced muscular weakness of the pelvic and shoul-
der girdles. He fatigued easily on walking, fell frequently, 
and was unable to climb stairs or get up from the floor without 
help. These signs were confirmed on examination and in addition, 
his deep tendon reflexes were found to be present but diminished. 
Over a period of eight months, he was treated with hydro-electric 
therapy. About nine months after the onset, there was complete 
recovery. No mention was made of any pseudohypertrophy of the 
calves or of muscle tenderness. There was no history of diffi-
culty with birth and no family history of muscular disease. 
Nattrass28 points out that the rapid progression ol· the muscu-
lar weakness and the complete recovery over a matter of months, 
eliminates the possibi+ity that this was a case of typical pro-
gressive muscular dystrophy. 
Batten4 and Nattrass28 both report on Marina's case 
described in 1908. This was an eight-year-old girl who showed 
predominantly, muscular disease of the shoulder girdle. There 
was hypertrophy of the loVIer half of the infraspinatus and the 
deltoids. The supraspinati, upper half of the infraspinati, 
serrati and trapeze! each showed atrophy or under development. 
These abnormalities resulted in unusual motility and winging of 
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the scapulae. In the lower limb musculature there was hyper-
trophy of the gluteal muscles, but no other atrophy or hyper-
trophy. The gait was normal and there was no difficulty in 
climbing stairs or getting up from the floor. Scoliosis was 
present. When seen again six years after the initial examina-
tion, the child appeared almost normal with the exception of 
persisting slight scoliosis, winging of the scapulae, and hyper-
trophy of the glutei and infraspinati. This case resem~s one 
of facio-scapulo-humeral aystrophy, but according to Nattrass, 
probably cannot be called such, because of the degree of recovery 
and the infrequent occurrence of this entity in girls. However, 
Adams et all state that facio-scapulo-humeral dystrophy affects 
females and males about equally, and that any hypertrophy of 
muscles is a compensatory hypertrophy rather than a pseudohyper-
trophy. These authors also point out that this form of dystrophy 
may become arrested at any stage. Since there apparently was no 
further follow-up on this patient, one must question whether this 
case represents a "recovery from muscular dystrophy", or whether 
it was a true case of facio-scapulo-humeral dystrophy, arrested. 
Erb 1 s case of a seven-year-old boy with an eighteen month 
history of an unsteady gait and a tendency to frequent stumbling 
and falling, was reported in 1908 and reviewed by Batten4 and 
Nattrass~8. This child had marked difficulty in rising from the 
floor. The muscles about the shoulder girdle were thin, atrophic 
and weak. The flexor muscles of the hip were weak, but there was 
~ no atrophy or hypertrophy of the other musculature of the lower 
-4-
limbs. The deep tendon rei'lexes were present and felt to be 
normal. Over a two to three year period, there was gradual 
improvement of the weakness, though slight winging of tne scap-
ulae remained. About six years after the onset of this disease 
state, it was felt that the child, ror all practical purposes, 
was completely recovered. Nattrass 28 states that the persist-
ence of the deep tendon reflexes raises a question of doubt as 
to whether this could be a case of typical muscular dystrophy. 
Another unusual case was reviewed by these same authors 
4, 28 who describe the case reported by Jendrassik in 1909, of 
a ten year old girl who did not walk until she was two years old, 
and then often fell. When she was about ten years old, she exper-
ienced increaseing difficulty with her gait until she was unable 
to ambulate without support. Examination showeu weakness of the 
extremities, weakness of the abdominal and back musculature, and 
wasting of the thigh muscles. 1ne deep tendon reflexes were ab-
sent and the limbs were described as being flaccid. Weakness of 
the face muscles, fibrillation and muscular pain were all reported 
to be absent, The patient remained in this debilitated state for 
about one and a half years, then showed gradual improvement. 
When seen eight years after the first examination, she appeared 
completely recovered except that her gait was still unsteady. 
No hypertrophy of any muscle groups was described. 
An extremely interesting patient was described by bramwell? 
in 1922, lhis case V), who had originally been seen and diagnosed 
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by batten one and a half years earlier, as having pseudohyper-
trophic muscular dystrophy. At the time Bramwell first saw 
the child, he was five years old. tie was described as being 
active and mentally alert, though he walked with a slight lord-
osis and waddle. His method of rising from the foor was typical 
of any patient with pseudo-hypertophic muscular dystrophy, that 
is, 11 by climbing up his legs". He was not able to stand steadily 
upon his toes nor was he able to walk on his heels. The shoulder 
girdle and facial muscles were apparently not involved. There 
were_no signs of specific muscle wasting or hypertrophy of muscles 
seen. Both ankle jerks were absent, as was the left knee jerk, 
though the right was one plus. 
tiis mother had notea that before the age of three, he haa 
had difficulty in turning over. When he was three, she noticed 
tnat he haa gradually developed a waddling gait. He was seen Qy 
Dr. Batten at this time, who, because the child had a typical 
pseudohypertrophic gait and manner of rising from the floor, plus 
laxity of the shoulder girdle, felt that this was a case of pseu-
dohypertrophic muscular dystrophy. His diagnosis, however, was 
not made without some misgiving, since there was no positive family 
history of muscular disease. He also considered the diagnosis of 
a toxic neuritis, but in time dl.scarded the latter diagnosis. 
Two years after this boy was seen by Bramwell, a letter 
from the child's physician revealed that the child's only diffi-
culty was a waddling gait, and that otherv.i-se he was a very active 
child. Bramwell states that "while it is possible that the case 
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was one of myopathy in which recovery has taken place, it seems 
on the facts much more probable that it was not an example of 
this disease, but that it so closely resembled myopathy that 
Batten was driven to a diagnosis by a process of exclusion". 
In the more recent literature, Christensen and Levison•&O 
case #3, described in 1950, should be mentioned, Their case is 
that of a four-year-old boy who had clinical signs of progressive 
muscular dystrophy, with a waddling gait, hyperlordosis on walk-. 
ing, "climbing up the legs" when arising from the floor, proximal 
atrophy and weakness of the limb musculature and pseudohypertrophy 
of the calves. This child did not walk until he was eighteen 
months old, and had always been unable to run like other children. 
There was no family history of any muscular disease. Examination 
revealed tenderness, but no pain, of the shoulder and thigh mus-
cles. The deep tendon reflexes were present, though the patella 
reflexes were·diminished. 'lhe interesting l'inoings in this case 
are that the lesions had been present since infancy but had not 
been progressive. Neither atrophy nor paresis were marked. An 
electromyographic examination was described as showing a paresis 
of myogenic origin. Two muscle biopsies were taken. The first 
showed areas of degenerations with loss of striations. Accumula-
tions of lymphocytes and larger mononuclear cells were seen scat-
tered in the interstitial tissue. After a trial of therapy with 
streptomycin, a second biopsy showed a decided decrease in round 
cell infiltration, and some clinical improvement. In the opinion 
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of these writers, this case had a strong clinical resemblance 
to progressive muscular dystrophy, but they felt that "the 
condition represents a stereotyped and primative reaction on 
the part of the muscle tissue to different unknown noxious 
substances". 
Eight personal cases were described by Nattrass28 in 
1954. All of these were originally diagnosed as cases of muscu-
lar dystrophy, but which in the course of time, spontaneously 
recovered. Cases seven and eight were apparently cases of be-
nign congenital myopathy, and so shall not be included here. 
However, cases one through six had clinical pictures which 
showed a striking resemblance to the childhood type of muscular 
dystrophy. 
Case I of a three-year-old boy was characterized by the 
rather rapid onset of a waddling gait, frequent stumbling, and 
increasing difficulty in climbing stairs or getting up from the 
floor. Within a month of these symptoms the calf muscles ached, 
and wereswollen and tender. There was rather rapid progression 
of weakness and wasting of the muscles about the shoulder girdle. 
The thigh muscles were weak and lordosis developed. Within a 
year he was unable to walk more than a short distance without 
assistance, and had to "climb up his legs" to get off the floor. 
After this the process remained stationary for about three months 
and then there was gradual improvement so that by the time he 
was six he ran races, and two years after this he appeared com-
-8-
pletely normal. At no time were there any skin changes. This 
patient was treated with nicotinic acid at the height of his 
illness. 
The second case is that of a boy who was essentia.lly 
well until the age of three. At this time, it was noted that 
he was unable to keep up with the other children of his own age. 
Over a three month period there was a rapid progression of in-
creasing muscular weakness manifested by a peculiar stiff gait, 
with his trunk bent backwara, and alternately, each hip thrown 
forward with a step. He had increasing difficulty in rising 
from the floor, in climbing steps, and in time, was barely able 
to lift a cup. Examination showed wasting of the shoulder gir-
dle, the upper arms and thighs, while the hamstrings and calf 
muscles showed pseudohypertrophic changes. The deep tendon re-
flexes were present in the upper limbs, but absent in the lower 
limbs. He developed chicken-pox, and was kept in bed for two 
weeks, at the end of which time he could hardly walk at all. 
is the l.eweP l.i.mlos. .tie was treated with a wheat germ preparation 
over a six month period, and later received both Vitamin E and 
yeast preparations. About two or three weeks after the wheat 
germ therapy was begun, he showed considerable improvement. 
Gradual but steady improvement continued over the next year and 
a half. At no time were there any skin changes, nor any involve-
ment of the central nervous system. This patient was seen at 
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intervals over the next nine years, and when he was twelve 
years old he appeared to be completely well and strong. No 
positive family history of muscle disease was uncovered, and 
no skin changes were ever described. 
Nattrass' third case was that of a boy who was completely 
normal until the age of seven when he developed scarlet fever. 
Shortly after his recovery from this, he rapidly developed 
marked difficulty in getting out of bed, walking and climbing 
stairs. There was a speedy deterioration in his weakness, so 
that within a few weeks he could barely feed himself, and h~d to 
be carried about the house. On examination he was seen to have 
a waddling gait, to get up from the floor by "climbing up his 
legs", to have weakness of the scapular muscles and enlargement 
of the calf muscles. His mother noted that if he was kept in 
bed he seemed to deteriorate more rapidly, so she encouraged 
him to exercise as much as possible. His state remained essen-
tially the same for a year and a half. He was treated with a 
vitamin E and vitamin B-complex compound, after wh1chtk.ere was 
gradual but immediate improvement. Within two years, his muscle 
power increased, the hypertrophy of the calves decreased and his 
gait became more normal. When seen six and a half years and 
thirteen years after his illness, he was found to have completely 
recovered without evidence of muscular hypertrophy, weakness or 
wasting. No family history of muscle disease was ever uncovered. 
The muscles were never tender and skin changes were not seen. 
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The fourth case presents a variation from the pattern 
of the first three cases. A young boy, who was essentially 
well until he was eleven years old, suddenly developed a wad-
dling gait and increasing difficulty with walking or climbing 
stairs over a six week period. He was diagnosed as having 
progressive muscular dystrophy. A male cousin was said to have 
died at the age of fifteen from this same disease. Following 
the diagnosis of muscu~ar dystrophy, the child was given a 
series of injections of chorionic gonadotrophin at weekly in-
tervals. By the time he had received the sixth injection, he 
began to show gradual improvement, and within a few weeks he 
was considered to be completely normal. During the next two 
years there was no evidence of muscular weakness until at about 
the age of 13 or 14, he experienced increasing difficulty get-
ting up from a chair or rising from the floor. He became 
steadily worse, and within a few weeks wasting of the shoulder 
and thigh muscles was evident; however, no hypertrophy of other 
muscies was seen. tiis muscles were never tender or painful, 
but he did complain of severe fatigue and weakness, which was 
aggravated by exercise. Over a year's time his condition slowly 
deteriorated. Two more injections of chorionic gonadotrophin 
were given, without improvement. About eighteen months after 
the onset of this second episode, the disease process seemed 
stationary. There was wasting of the latissimus dorsi and the 
clavicular portion of the pectoralis muscles, and weakness of 
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the erector spinae, quadriceps anci flexors of the hips. The 
deep tendon reflexes were present but diminished. The injections 
of chorionic gonadotrophin were continued and there was a rather 
steady and rapid improvement over the next six months, so that 
when examined about two years after the onset of the second epi-
sode, there was no evidence of muscular weakness or wasting. By 
the time he was twenty-two, he was actively playing tennis with-
out any physical impairment. 
The next case (.No. 5) is that of a girl who first walked 
at the age of ten months, and was apparently well until, at the 
age of two-and-a-half, after wading in cold water on one day 
began dragging her left leg on the next. She immediately devel-
oped a waddling gait, and walked awkwardly with protuberance of 
her abdomen. In the short period of a week, her course was one 
of rapid down hill progression, characterized by frequent falling 
and inability to rise from the floor unassisted, or sit in a chair, 
if unsupported. Within two months she was unable to walk and 
could not even stand alone. However, with the mother's persist-
ent encouragement she began to walk a few steps. Treatment with 
a wheat germ preparation was begun, and immediate rapid improve-
ment followed. After about two weeks of this treatment she was 
well ehough to climb stairs and walk several hundred yards. 
After this initial rapid partial recovery, further dramatic im-
provement was not seen. Even by the age of six, three and a half 
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years after the onset of this illness, she still walked with 
a protruding abdomen and a waddling gait. Gradually over the 
following two years, her posture seemed to undergo spontaneous 
correction, so that by the age of eight, she could run as fast 
as any child, and showed no evidence of any muscular disease or 
intellectual impairment. There was no previous family history 
of muscular disease, and at no time was there muscular tender-
ness or any skin changes seen. 
The sixth case described by Nattrass includes a number of 
elements, not previously described in his other cases. This 
seven year and nine month old girl developed a moderate amount 
of pelvic girdle muscle weakness about six weeks after recover-
ing from a measles infection. She often fell and was unable to 
run as she had previously. This difficulty persisted, and it 
was not until she had an attack of chicken-pox three months later, 
that the weakness became much more pronounced. She began to walk 
with an accentuated lumbar lordosis, a waddling gait and a protu-
berant abdomen. She was unable to climb stairs, could not get 
up from the floor without using her hands, and also showed signs 
of neck weakness, with difficulty in chewing and swallowing. 
The latter symptoms were rather transient and mild. No muscle 
tenderness was noted, but like a sister, her fingers would be-
come white and numb when exposed to the cold. She remaineo in 
this state for more than half a year, when shortly thereafter 
there was a gradual improvement. During this time she was treated 
with Livogen. When seen five years after the initial onset of 
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her disease, there was little evidence of residual muscle 
weakness, although her skin showed minimal sclera-dermal-like 
changes over her hands and face. Ten years later, she appeared 
completely recovered except for minimal bilateral weakness of 
the quadriceps. As Nattrass points out, this patient was prob-
ably "suffering from dermatomyositis with minimal skin involve-
ment or perhaps none at all". 
Walton and Adams44 report on forty cases in their recent 
monograph on polymyositis, only two of which resemble the pseu-
dohypertrophic type of progressive muscular dystrophy seen in 
children. Their case No. 3 is that of a three-year and two-
month old boy who was born with bilaterally slightly inverted 
feet. There was no history of prenatal or neonatal distress. 
Special shoes were fitted to his feet when he was ten months 
old. He began to walk at eleven months, having passed all the 
milestones of development at the average age. His gait was awk-
ward from the beginning and this was at first attributed to his 
heavy shoes. cubsequently, however, he often stumbled and fell, 
and his waddling gait did not permit him to keep up with other 
children of his own age. By the time he was eighteen months old, 
he had extreme difficulty climbing stairs and was seen to "climb 
up his legs" when rising from the floor. The calf muscles were 
described as frequently being "knotted and hard", and the site 
of painful cramps. l''ive months before the onset of this nt>ticeable 
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muscle weakness he had contracted pertussis and rubella. From 
the age of eighteen months until he was examined at age three, 
he showed gradual improvement, so that in time he could better 
navigate stairs and did not have to climb up his legs to rise 
from the floor. ~uring his third year of life he suffered from 
measles, mumps and varicella, none of which increased his muscu-
lar weakness. 
On examination he was seen to walk with a waddling gait, 
but showed no prominent lumbar lordosis. There was bilateral 
hypertrophy of the calf muscles, which were firm but not tender. 
General weakness of the muscles of the pelvic girdle and the 
quadriceps was found but no atrophy or fasciculation was seen. 
Minimal weakness of the paravertebrae, scapulae and humeral 
groups of muscles were present, but otherwise the muscle strength 
was normal. The deep tendon reflexes were absent in the upper 
extremities and depressed in the lower extremities. There had 
never been any subjective or objective evidence of dysphagia, 
skin changes, Raynaud phenomenon or muscle tenderness. He was 
originally diagnosed as having progressive muscular dystrophy. 
There was no previous family history of muscular disease. A 
muscle biopsy taken at this time was more consistent with a 
diagnosis of polymyositis than with muscular dystrophy. Histo-
logivally, there was evidence of muscle degeneration, regenera-
tion, phagocytosis, and infiltration of inflammatory cells. 
The patient was again seen about two-and-a-half years after the 
onset of his illness. Though there was still pseudohypertrophic 
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like changes of both calves, bilateral biceps brachii weak-
ness and quadriceps weakness, there had been considerable clin-
ical improvement which continued to persist during the next two 
years. 
Case No. 10 reported by Walton and Adams44 1 is that 
of a five-year-old boy who was delivered by Caesarian section 
but who experienced no neonatal distress. He passed all the 
milestones of early uevelopment at the normal age, although he 
did not walk as soon as an older brother had, and seemed to be 
awkward and fall or stumble frequently. When he was about a year 
old he had a sore throat and high fever. ~mmediately after this 
two day episode, it was noted that he shuffled when he walked 
and no longer coulu get up from a squatting position unaided. 
A diagnosis of poliomyelitis was maue and he was put to bed for 
fifteen days. The muscular weakness was generalized and pro-
nounced, for he was unable to lift his head or move his limbs 
freely. Gradually his muscular str~ngth improved somewhat, but 
he still had a peculiar gait, and if he fell, was unable to get 
up without help. lt was at this time, shortly after the onset 
of his acute weakness, that his calf muscles were noted to be 
enlarged. During the next three years there was a gradual but 
steady improvement so that at the time of examin~tion when he 
was five years old, he could climb stairs and rise from the floor 
more easily than before. A wadaling gait was still present, as 
was an accentuated lumbar lordosis. There was weakness of the 
sternomastoids, trapezii, rhomboias, serrati, latissimi, pectorals, 
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deltoids, biceps and triceps, so that he was unable to lift 
his head from the pillow without intense effort, and could 
not sit up from a supine position unaided. He could get up 
from the floor by pushing with his hands on his knees. The 
spinal muscles were strong but weakness was noted in the iliop-
soas muscles, the glutei, quadriceps, aoductors anu anterior 
tibials of the lower limb. The gastrocnemii were strong and 
pseudohypertrophy still present in these rubbery feeling mus-
cles. The tendon reflexes were present but depressed. There 
was no evidence of muscular wasting, fasciculation or tenderness; 
no pathological reflexes or skin changes, and no sensory deficit. 
A muscle biopsy showed marked atrophy of muscle fibers, necrotic 
fibers undergoing phagocytosis, active muscle regeneration, and 
several foci of inflammatory cell infiltration, composed o~ 
histiocytes and l~phocytes. 
SBLECTED CASE HISTORIES 
Four case histories have been selectea. from the records 
of the Massachusetts Memorial Hospitals and the Boston City 
Hospital for the purpose of review and discussion. The first 
case was selected because the clinical picture shows such 
marked similarity to cases of polymositis with pseudohypertro-
phy of the calves. The second case was chosen because it pre-
sents some of the diagnostic pitfalls associated with this 
disease. The last two are typical cases of polymyositis with 
pseudohypertrophy of the calves, confirmed by biopsy. 
CASE I. M. M. H. No. 507730 
G. P. was first seen at the Muscular Dystrophy Clinic 
in January of 1958 when he was seven years old, because of 
nweak muscles". tie had always had difficulty with walking and 
running. Although he sat up at the age of six months, he did 
not begin to walk until he was two years old. He was originally 
seen in September 1955 at the Children's ~edical Center in Boston. 
At that time it was noted that he was unsteady on his feet, and 
often fell. tie had a waddling lordotic gait. He was unable to 
climb stairs without using his hands braced against his thighs, 
and employed the characteristic method of rising from the floor 
by climbing up his thighs. On physical examination he was found 
to have marked weakness of the thighs and shoulders, and less 
severe weakness of the abdomen and back. Pseudohypertrophy of 
the gastrocnemii and quadriceps group of muscles was found. 
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The deep tendon reflexes_ were hypoactive but no pathological 
reflexes or fibrillations were described. His intellectual 
function was not fully described, but his speech was thought 
to be slightly slow. A diagnosis of pseudohypertrophic muscu-
lar dystrophy with probable slight mental retardation was made 
at that time, and he was followed at the Muscular Dystrophy 
Clinic at the Children's Medical Center for the next two years. 
During this two year period, it was felt that there had been 
noticeable decrease in his muscular power. 
About two months after his last visit to the Children's 
Medical Center, he was seen for the first time at the Muscular 
Dystrophy Clinic at the Massachusetts Memorial Hospitals. He 
was described as being able to feed and dress himself, despite 
weakness in his hand grip, but needed to be carried to and from 
the school bus. He could no longer get up from a prone position, 
although he could still roll over. Marked enlargement of the 
calf muscles was still present, and for the first time some 
pseudohypertrophy of the del to ids was noted. The proximal mus-
cles of the shoulder and pelvic girdles still showed weakness, 
and there was moderate weakness of many other muscles, including 
the sternocleidomastoids, which also showed some atrophy. The 
masseter muscles were strong. Of the deep tendon reflexes, only 
the ankle jerks were present. Both the abdominal and cremasteric 
reflexes were present bilaterally. There was no evidence of 
contractures, no percussion myotonia, no muscle tenderness or 
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fasciculation and no sensory changes. 
This patient was followed at intervals in the Massachu-
setts Memorial Hospitals Muscular Dystrophy Clinic over the 
next year (1958-59). During this time there had been a gradual 
but steady deterioration in his status. Heel cord contractures, 
intermittent enuresis, more frequent falling and markedly re-
duced vital capacity (0.8 L), complicated his course. Because 
his downhill course progressed more rapidly than is character-
istically seen in muscular dystrophy, he was admitted to the 
Massachusetts Memorial Hospitals, where a biopsy of the right 
gastrocnemius muscle was done in ;·ebruary 1959. The pathology 
report of "patchy muscle atrophy with fatty replacement", con-
firmed the previous diagnosis of progressive muscular dystrophy. 
The past history of G. P. reveals that there was appar-
ently no history of any neonatal distress, or any difficulties 
associated with his birth. He received the routine childhood 
immunizations. There has been no history of prolonged illness, 
but he had his tonsils and adenoids removea when he was 6t years 
old because of frequent bouts of tonsillitis. He attends a 
special class at school. 
The family history is significant in that the maternal 
grandmother had five or six miscarriages,(all boys), and three 
daughters. One of these (~. P.•s aunt), has a girl who has no 
muscular disease and a boy who has muscular dystrophy. G. P. 1 s 
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mother was divorced from his father a number of years ago, 
has remarried, and now has several other children, including 
sons, who are all supposedly well. u. P.•s father is living 
and well. 
CASE II. M.M.H. No. 506782. 
S. B. was first seen when he was five years old. At 
a 
this time he had had~four year history of difficulty with walk-
ing. tiis birth was apparently normal and without complications. 
However, it was noted that he failed to sit up on his own, and 
did not walk until he was two years old, and then his gait was 
always awkward. he was unable to run as fast as his female 
siblings, and had marked difficulty in getting up from a sit-
ting position. When he was four years old, a diagnosis of 
pseudohypertrophic muscular dystrophy was made at another hos-
pital following electromyographic studies and a muscle biopsy. 
l~o family history of muscular disease was uncovered, though the 
mother, her father and grandfather, all supposedly had a history 
of left leg weakness. Four sisters were all living and well, 
and a brother died at the age of two months of possible "strangu-
lation". s. B.'s general health had always been good, except for 
frequent respiratory infections. he had none of the more common 
childhood illnesses. 
On examination, marked asymmetry of the skull was noted, 
with more marked flattening of the skull on the right. No skin 
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lesions were noted, There was bilateral undescended testicles 
and some extra systoles were heard on auscultation of the heart. 
lt was noted that he walked with a wide based scuffing and slap-
ping gait. One plus lordosis was present. There was obvious 
weakness of the hip extensors so that he had to climb up his 
legs when rising from the floor. He pulled on the side of the 
bed to raise himself from a supine to a sitting position. The 
impression was that he had normal muscle power in the upper 
extremities and in the trunk musculature. Hypertrophic changes 
were noted bilaterally in the calves only, and mild heel con-
tractures were present. There was no myotonia and no cerebellar 
signs. The reflexes were recorded as one-plus in the upper ex-
tremities, absent in the abdomen and knees, and two-plus in the 
ankles. Sensation was apparently not disturbed. The only other 
significant finding was that this child showed obvious mental 
and speech retardation, which was later confirmed by means of 
psychological testing. 
This patient had been followed for about a year when he 
fractured the distal portion of the right tibia. Vespite the 
immobilization of the leg, the child remained quite active and 
managed to use his crutches with ease. This is most unusual 
for a patient who has muscular dystrophy. Generally any pro-
longed immobilization hastens deterioration. ln reviewing the 
course of his five year history of symptoms, one is struck by 
the fact that the disease process has not deteriorated, but has 
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remained essentially stationary. The question now arises as 
to whether this might not be a case of polymyositis with 
pseudohypertrophy of the calves. A review of the original 
muscle biopsy and a repeat biopsy would probably confirm or 
refute such a diagnosis. 
CASE III. M.M.H. No. 507291 
P. F'., a six-year-old boy, was first seen in the 
Massachusetts Memorial Bospitals Muscular Dystrophy Clinic 
three months after a diagnosis of muscular <i.ystrophy had been 
made at another hospital on the basis of his history, his clini-
cal picture and a muscle biopsy of the right gastrocnemius. His 
mother was subject to hypereuresis during the first five months 
of her pregnancy. Three weeks before the calculated due date, 
she fell, and within two days she delivered a normal six pound, 
four bunce boy after a short, uneventful labor. There was no 
neonatal distress, and his development seemed parallel with the 
other siblings. He stood at the age of one and did not walk 
until he was eighteen months old, whereas his siblings walked at 
the age of 9 and 12 months. When he was one- and -a-half, his calf 
muscles seemed large and subsequently he y,as noted to be having 
increasing difficulty climbing stairs and getting up from a recum-
bent position. He was unable to run as fast as the other children, 
and walked with a waddling, lordotic gait. His mother felt tr~t 
there was some hand weaKness and clumsiness. tie was unable to 
dress himself until he was five. ~he also felt that his muscles 
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"were stiff" and, once loosened up during the first part of the 
day, he got along better. Despite his marked speech retardation, 
she was aware that he experienced leg pain, especially in the 
morning. Measles and chickenpox at the age of two, and a ton-
sillectomy at the age of five, did not affect the course of his 
illness. tie had, however, severe constipation and lack of bladder 
control from early infancy. 
When examined at the age of six, he hau marke<i lumbar 
lordosis, moderate hypertrophy of the calf musculature, no clear 
muscular atrophy, and a waddling gait. There was no muscle ten-
dern~ss or myotonia, but the heel cords were slightly tight. No 
fasciculations or abnorma.l. reflexes were found. Vihen on the floor, 
he rose by climbing up his legs. The muscular weakness was appar-
ently primarily limited to the pelvic girdle ana extensors of the 
hip. The shoulder girdle muscles showe<i good power, but there 
was some bilateral weakness of the hand grip. 
Within ten months there was some further improvement. 
The child was able to get up from a supine position without help. 
When the original slides of the muscle biopsy were reviewed, the 
pathology was felt to show a classical example of myositis. 
CASE IV. B.C.R. No. 1648858 
P. D. was five years old when his mother became concerned 
with his increasing difficulty in climbing stairs for the previ-
ous six months. he was a full term baby who weighed ten pounds 
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at birth. He remained in the hospital for one week after 
delivery because of "lung congestion". There was a question 
of whether his mother had pneumonia at the time of delivery. 
He sat up at the age of six months, crawled and stood when a 
year old, and walked alone at the age of fifteen months. He 
was able to run by the time he was two, but his mother noticed 
that he f'ell more often than his siblings. He had had his rou-
tine pediatric immunizations, a.nd contracted chickenpox at the 
age of six months, and measles when eighteen months old. There 
was ho history of allergies and no problems with feeding. 
When examined at the age of five, weakness and atrophy 
of the musculature of the shoulder girdle and arms were found. 
The quadriceps were wea.k and the calf muscles were hypertrophied 
bilaterally. tie climbed stairs by holding his legs stiffly and 
wide apart, by using a hand rail and by circumducting his legs 
from the hips. The gait was not characteristically a waddling 
one, and he was able to walk on his toes and his heels. The 
reflexes were absent in the upper extremities but symmetrically 
present in the lower extremities. No fasciculations, myotonia, 
or skin changes were found. A muscle biopsy was felt to be com-
patible with polymyositis. 
Six months after his biopsy, he was seen again. The muscu-
lar weakness was still present, and in addition some hypertrophy 
of the forearm was noted. ~t was felt that he had improved some-
what, but not remarkably. At this time only the ankle jerks were 
clearly present. 
THE CLINICAL PICTURE 
Polymyositis with pseudohypertrophy of the calf 
muscles may be confused with the trauitional pseudohyper-
trophic muscular dystrophy of childhood. Walton and Nattrass4° 
in their excellent paper describing the classification and 
natural history of the myopathies, described the most common 
presenting symptoms found in forty-eight patients with tradi-
tional muscular dystrophy. In order of frequency of occur-
rence these were: abnormal gait, slowness and clumsiness in 
walking or running; "never normal from birth", frequent falling, 
delayed walking, difficulty in climbing stairs, difficulty in 
rising from the floor or low chairs. In addition, all or al-
most all of his cases at some time during their couse, eventu-
ally had an abnormal gait (including waddling); frequent fall-
ing, difficulty in getting out of low chairs or off the floor; 
rising from the floor by climbing up the legs, difficulty in 
raising the arms above the shoulders or climbing stairs, swell-
ing of the calves, and ten had pains in their legs, usually in 
the calf muscles. He also notes that the muscle weakness begins 
in the lower limbs and pelvic girdle, and has a symmetrical dis-
tribution. Involvement of the upper limbs is seen less frequently 
early in the course of the disease, but eventually occurred in 
all of his cases. In general the deep tendon reflexes were 
either absent or depressed, though in one case they were normal. 
Contractures and skeletal changes are felt to be seconaary to 
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the immobility of the limbs. The onset is usually early, 
beginning before six in a large percentage of his cases. The 
disease is one of steady progression, which may be aggravatea 
by proLongea bea rest. Remissions or arrests are rare, and 
death may occur at any age, usually due to a respiratory in-
fection. There appears to be no clear-cut precipitating fac-
tors, but a positive family history is found in most cases. 
The disease is transmitted as a sex-linked recessive charac-
teristic, and is rarely described in females. 
Othersi• 11, 40, 41, 4:2 have added little to the above 
description. Adams et al1point out that the limbs are usually 
flaccid and loose. Denny-Brown11 reminds us that there may be 
spontaneous occurrence of the disease due to a mutation, so 
that failure to uncover a positive family history does not rule 
out the presence of this disease. Tyler4° emphasizes the fact 
that pseudohypertrophy of the car muscles does not necessarily 
have to be present •. 
The clinical features which tend to differentiate poly-
myositis in childhood from pseuaohypertrophic muscular dystrophy 
are few. The typical history of polymyositis includes a rapid 
progression of muscular weakness, and a tendency to spontaneous 
remission. Muscular tenderness, pain or stiffness may or may 
not be present, and fever and malaise is not prominent.10, l4, 24, 
27, 28, 47. In the cases reviewed earlier, all but one had orig-
inally been diagnosed as being consistent with muscular dystrophy. 
One case described by Walton and Adams41 was at first diagnosed 
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as poliomyelitis. This consistenc~ of diagnosis speaks for 
itself. lt is apparent that there must be a "high index of 
suspicion" when one is faced with the responsibility of making 
a correct diagnosis of polymyositis with pseudohypertrophy of 
the calves. Batten4 in 1910 was one of the first to question 
whether recovery from muscular dystrophy could occur. Later, 
Bramwell? pointed out that the absence of a family history of 
myopathy in the cases reported by Marina, Erb, Jendresseck ana 
Batten, suggested the possibility that these were not cases of 
muscular dystrophy with arrest or recovery, but anott~r disease 
entity entirely. ~attrass28 in 1954, dispersed any further 
aoubt that the two entities under discussion, although showing 
a remarkable clinical similarity to one another, are in fact, 
quite distinct. The acuteness of the process, the tendency to 
spontaneous remission, and the lack of a positive family history 
are then the most reliable characteristicx which clinically dif-
ferentiate polymyositis in childhood and pseudohypertrophic 
muscular dystrophy. 
It is appropriate at this time to refer to a paper by 
Shy and Magee ,36 which reported five cases found within one 
family of a non-progressive congenital myopathy with certain 
clinical features which resemble those of the traditional pseudo-
hypertrophic muscular dystrophy, and of childhood polymyositis. 
In these patients, the onset of muscle weakness was first noted 
at birth or within the first few months of life. Muscle weak-
ness was predominantly proximal and more severe in the lower 
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extremities than in the upper. The onset of walking was 
always delayed in these cases, ranging from fourteen months 
to five years. ~t is pointed out that after walking was 
learned there seems to be no further progression of weakness. 
Hypotonia was present, but the deep tendon reflexes remained 
normal. None of these patients showed any intellectual deficit. 
Four of the patients at some time were unable to rise from the 
floor without climbing up their legs and two had a distinct 
waddling gait. However, muscle atrophy, wasting or hypertrophy 
was not prominent. Four of the patients were males ranging in 
age from two to sixty-five; the other, a twenty-year-old female. 
The fact that these cases showed no progression since early child-
hood would seem to eliminate them from the traditional classifi-
cation of Vial ton et al. 46 Mention of this unusual series of 
cases is made at this time to re-emphasize the necessity for 
any clinician to be on the alert for possible "new" syndromes or 
variations of the more familiar. 
PATHOLOGY 
The histologic changes found in muscle in cases of 
polymyositis consist of inflammatory cell infiltration, 
degeneration of muscle fibers, variation of fiber size, and 
active phagocytosis of necrotic muscle fibers.l0,14,t~.Z4,44,47,49· 
This picture is not necessarily pathognomonic, since similar 
pathological changes are seen in the skeletal muscle of indivi-
duals with dermatomyositis.12, 19, 29, 34, 35, 38, 4S 
l::itortebecker39 in 1955 wrote: 
"Histologically it can be extremely difficult, 
not to say practically impossible, to differen-
tiate between the picture seen in a definite 
dermatomyositis and that seen in certain myo-
pathies which clinically resemble progressive 
muscular dystrophy or the myositic picture 
found in m~asthenia gravis, of the perivascu-
lar type". 
There is even a resemblance to the pathological changes seen 
in dystrophic muscle, for variation of fiber size is very com-
mon in dystrophic muscle.l Although earlier investigationl,ll, 
revealed the absence of muscle cell regeneration in dystrophic 
fibers, more recent studies45 have shown that the muscle cell 
in progressive muscular dystrophy is capable of regeneration. 
In fact, inflammatory cells, once thought not to occur in this 
disease, 1 • 39, can occasionally be found.45, 49 As Walton and 
Adams45 conclude: 
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"It thus appears that the basic histologic 
lesion of the muscle fiber in polymyositis 
and muscular dystrophy is similar, although 
the over-all histologic picture in individual 
cases of the two conditions is generally very 
different, owing to the difference in tempo 
of the disease process and the inflammatory 
cell infiltrates which occur in polymyositis 
and not in dystrophy'·,, 
The use of the phrase 11 and not in dystrophy" is confusing 
since these writers previously emphasized the rare but defi-
nite occurrence of infiltrating mononuclear cells in dystrophy. 
In addition similar pathologic changes have been des-
cribed in experimental vitamin E deficiency, virus infections, 
toxic poisonings, long confinement in bed, and parasitic infil-
tration.47 Eatonl4 and others29, 44 have found that muscle 
biopsies from cases of rheumatoid arthritis, disseminated 
lupus erythematosis, rheumatic fever, periarteritis nodosa, 
Addison's disease, hyperthyroidism, peripheral neuritis and 
sub-acute bacterial endocarditis, cannot be easily differenti-
ated from polymyositis on the basis of histologic pathology 
alone. 
An extensive review of the pathologic picture of poly-
myositis will be found in Walton and Adams' recent monography.44 
As these writers and Eaton14 point out, occasional cases which 
clinically resemble polymyositis may have no or minimal inflam-
matory infiltrate. This possibility may in part be due to poor 
selection of biopsy material. A muscle should be selected in 
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which the myositic process seems to be the most active. 
Characteristically though, the inflammatory infiltrate is 
present. It is composed of predominantly lymphyocytes, small 
mononuclear cells and histiocytes. Plasma cells are seen but 
not in abundant numbers. Eosinophiles may be present but are 
not prominent. Infiltration of fat is uncommon. These feat-
ures, plus evidence of phagocytosis along with budding, regen-
erating muscle fibers, are the commonly accepted criteria for 
a pathologic diagnosis of polymyositis. 
DIAGNOSIS 
The diagnosis of polymyositis with pseuuonypertrophy 
of the calf muscies is primarily baseu on the clinical pic-
ture and the pathology of a muscle biopsy. As has been indi-
cated earlier, neither of these alone is infallible. If the 
clinical history of the disease and the muscle biopsy are both 
compatibie with polymyositis, there is only the slightest pos-
sibility that a diagnosis of polymyositis would not be correct. 
Two distinct problems exist concerning the diagnosis. 
The first is that of the time element. Although polymyositis 
in childhood typically has a rather rapid persistent course, 
followed by arrest and either rapid or gradual recovery, this 
is not always so. While the clinician is cogitating on whether 
the course is rapid enough to make a diagnosis of muscular dys-
trophy doubtful, careful attention must be given to what the 
parents are to be told, and what hope is to be given. The 
second problem concerns the muscle billopsy. Vihether it is 
taken early in the course of the disease in order to hasten 
confirmation of a diagnosis, or taken months or years after 
the onset, it always entails a certain risk. Any procedure 
in which general anesthesia is used should not be resorted to 
casually. The area of choice for the biopsy must be carefully 
selected to decrease the possibility of getting a negative or 
equivicable pathology report. One also must not lose sight of 
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the fact that the pathology report on a biopsy specimen is 
subject to numerous other variables, including adequacy of 
fixation, method of sectioning and staining, and the experience 
of the pathologist in recognizing the characteristic features 
of polymyositis. 
A search for other diagnostic procedures has persisted. 
Electromyographic studies of muscle action potentials in myo-
sitis have not shown consistent or definitive findings.6, 23 
The electromyogram records the action potentials of muscle 
fibers. Normal muscle is characterized by large slow poten-
tials, each corresponding to a nerve impulse. In primary 
myopathy of the dystrophic type, the action potentials become 
smaller and faster because of the decrease in muscle fibers.5,2l 
If there is a chronic motor neurone lesion, spontaneous fibril-
lations are found; the action potentials are of a larger dura-
tion and increased in amplitude.22 In polymyositis Buchthal 
et al,8 studied eleven patients in which the diagnosis of poly-
myositis had been confirmed by biopsy. tie found that action 
potential duration was decreased in proportion to the degree of 
inflammatory involvement. Lambert et al23 studied eighty patients 
with polymyositis, many of who had associated skin lesions. 
Increased irritability of the muscles was seen when the needle 
was inserted. S~ontaneous fibrillation, once thought to be 
associated only with denervated muscle, was recorded. On the 
basis of this finding these investigators felt that the patholog-
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ical process in polymyositis might include a neuritis of the 
"intramuscular nerves causing denervation of some muscle fibers 
from the motor unit". .but there also seemed to be a correla-
tion between the amount of spontaneous fibrillations and the 
degree of muscle fiber degeneration. Dr. Walton in commenting 
on Lambert's work, confirmed the finding of spontaneous fibril-
lation, but felt this "was due to incomplete relaxation of 
single muscle fibers where were all that were left of what r~a 
originally been motor units". Hichardson33 felt that spontan-
eous fibrillation is not seen in myopathic lesions unless there 
is some involvement of the lower motor neuron. Wa~ton ana Adams4' 
in their study of twelve cases found spontaneous fibrillation 
in three (one of voiui:lk was recorded· from a case of polymyositis 
with pseudohypertrophy of the calves), and abnormal volitional 
activity in all. It would appear that at present the electro-
myographic findings in polymyositis are only of value as an 
ancillary diagnostic technique. 
Studies of serum enzyme levels in muscular and neuro-
muscular disease have been carried out by a number of investiga-
tors.3, 13, 26, 30, 37, 43. Siekert and Fleisher37 in their 
studies of serum transaminase levels, found that the highest 
va~ues were in patients suffering from dermatomyositis in the 
acute stage. Of the three cases of polymyositis he studied, two 
showed only a moderate increase, and one, who was considered to 
be an arrested case, showed a normal level. There was no 
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elevation in cases of neuromuscular disease and degenerative 
disorders of the central nervous system they studied. A moder-
ate elevation was found in the patients with muscular dystrophy, 
all of whom had had the disease for over five years. Peason30 
confirmed this latter finding, and reported that the younger 
the patient and the more incapacitating his disease, the more 
likely there was to be an elevation of the serum transaminase. 
His highest level was recorded in a case of acute dermatomyositis 
which parallels the findings of De Moragas et al.26 Of the 
three cases of polymyositis he studied, two were normal and one 
had a minimal increase of the enzume. The studies of Dreyfus 
et all3 confirm these findings. lt is quite apparent that the 
destruction of tissue which is rich in the enzyme glutamic 
oxalacetic transaminase will result in elevated serum levels. 
~t is equally apparent that levels of this enzyme in the serum 
is not of value in the differential diagnosis of childhood muscu-
lar dystrophy and polymyositis. 
Volk and Aronson's3, 43 investigations of the serum levels 
of aldolase have revealed that the aldolase level is invariably 
increased in dystrophic disease of the muscle. They were able 
to correlate the extensiveness of the muscular disease with the 
aldolase lewel. As the dystrophic process progressed there was 
a gradual decline in the aldolase level. lt was their opinion 
that a sustained serum elevation was the result of regenerating 
muscle continuously releasing the enzume. Asmentioned earlier, 
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musc~e regeneration is seen up to a point in patients with 
progressive muscular dystrophy, ana then is no longer seen.45 
This correlates with the high levels of aldolase found early 
in the course of this disease, with a gradual decrease as the 
disease progresses. One could also reason that the levels of 
serum aldolase should be elevated initially in children with 
polymyositis, and should tend to remain elevated throughout 
the course of the disease, so long as muscle fiber regeneration 
was occurring. No large series of young patients with polymyo-
sitis have been studied with regard to aldolase levels. 
varcin et a1l6 have reported an elevation of the alpha-
two and gamma globulin fraction of the serum proteins in poly-
myositis. Walton and Adams44 report that other French investi-
gators have confirmed this finding. No reference was found in 
the literature describing work done by American investigators 
on the protein components of the serum. Certainly this line of 
investigation should be pursued since this may ultimately be 
the source of a simple diagnostic test to differentiate between 
childhood polymyositis and muscular dystrophy. Tyler and Perkoff41 
in 1951 found that the total protein, the A/G ration and the 
electrophoretic pattern of the serum of patients with progressive 
muscular qystrophy was comparable with normal subjects. 
Since creatinuria is constantly associated with polymyo-
sitis,l2, 29, 48 it is not a useful determination in aifferen-
tiating this disease from muscular dystrophy in which there is 
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almost always a reduction in the daily excretion of creati-
nine and increased urinary loss of creatine. 
ETIOLOGY AND PROPOSALS 
FOR FUTURE bTUDIES 
The etiology of polymyositis with pseudohypertrophy 
of the calves is not known. The fact that polymyositis has 
long been known to be part of the symptom complex associated 
with dermatomyositis, has been reported by many • .L:<, 15, 19, 25, 
:29, 34, 35, 38, 44, 48 Dr. Maurice Victor of the ~assachusetts 
General Hospital recently stated: 
"It does not seem logical to consider (polymyo-
sitis and dermatomyositis) as separate entities 
since there is no discernable difference in terms 
of age of onset, clinical course, effect of treat-
ment, prognosis and above all, pathological 
changes in muscles". 
Othersl4, 29, 44 have indicated the close relationship 
of this disease with the "collagen" diseases. Garcinl6 ais-
cusses chronic infections, bronchiectasis, tuberculosis, dental 
infections, prostatitis as possible etiologic causes. He men-
tions other factors including infective microorganisms, protozoa, 
viruses, exposure to cold, vitamin deficiencies, malignant neo-
plasms, toxic factors, endocrine disturbances and allergy. 
It would appear that to suggest any specific etiology at 
this time would be mere speculation. However, speculation on 
what is now known about this disease brings to mind certain 
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avenues which could be explored in future investigations. 
Tne fact that the alpha-two and gamma globulin factors in 
the serum are elevated and that some plasma celLs are usually 
found in the pathologic specimens, implicate an antibody 
response. 1he nature of this antibody response has been dis-
cussed with Dr. Uick Hoefnagel and will not be further expanded 
at this time. 
However, after reading the papers on the regeneration 
of adult skeletal muscle in vitro by Popogetf and Murray32, 33 
and those by Geiger and Garvin17• 18 concerning tne culture of 
skeletaL mus~:..t..e t;aKen ll·ow pa t;~ent;~:~ with pseudohypertrophic 
muscular dystrophy, it is my opinion that in vitro cultures of 
skeletal muscle from patients with childhood polymyositis 
should be 'made. Lf perchance, this latter disease is the re-
sult of an auto-immunity to some natural protein circulating 
within the body, I would like to think that by removing the 
muscle from its natural environment, one could culture and sub-
culture it satisfactorily. lt may well show a regeneration prob-
lem similar to that of normal muscle. Certainly it would be 
startling if the pattern followed that of pseudohypertrophic 
muscular dystrophy muscle, which is so sharply aistinguishable 
from normal muscle regeneration in vitro. This type of investi-
gation would at least tend to rule in or out a basic defect of 
the muscle cell. 
The fact that the weakness associated with childhood poly-
myositis is so profound and not well correlated with the patholog-
ical changes of the muscles, leads one to surmise that there has 
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been damage to the basic contractile elements of the muscle 
cell. At least three distinct proteins are known to be asso-
ciated with the contractile proteins of the muscle cell. 
Whether it.would be possible to investigate the physiochemical 
properties of myosin, actin and tropomyosin in polymyositis, 
is not known to me. It seems probable, however, that there 
exists some means of evaluation of these elements. 
In reviewing those cases of childhood polymyositis 
which are like those of pseudohypertrophic muscular dystrophy, 
one is struck by the fact that even in the small series cov-
ered in this paper, those which most exactly resemble dystro-
phic disease have all affected males. or these, those who 
were followed for a sufficient length of time, rarely haa pro-
rouna weakness extena beyond the accepted age of puberty. 
Although the evidence is flimsy, speculation on whether this 
process is affected by endocrine changes is inviting. Lt is 
quite possible that at present our tests are not sensitive 
enough to detect minimum variations in hormonal levels. Since 
skeletal muscle is one of the largest end organs in the body, 
it must be extremely sensitive to variations of hormonal levels. 
SUMMARY AND CONCLUSION 
The clinical similarity between polymyositis with 
pseudohypertrophy of the calves and pseudohypertrophic 
muscular dystrophy has been discussed. ~athologic similar-
ities and dissimilarities have been enumerated. The commonly 
used diagnostic studies of electromyography, certain serum 
enzume levels and protein factions in the serum have been 
reviewed. The current concepts of etiology have been listed 
and several proposals for future investigation have been made. 
Perhaps the best evaluation of the problem that faces 
the clinician can be found in the woras of ~ierler and 
Lilienthal. 48 
11 
•••••••• what we observe clinically as ·the final 
product of disease almost surely results not only 
from changes in tonic and watery composition, but 
also from alteration in protein and carbohyarate 
substances and enzymes which may be sequels to or 
separate from the elementary changes which we 
measure". 
The clinician must still, at present, rely primarily on his 
clinical acuity, though his final diagnosis in baffling cases 
of polymyositis in childhood may depend on the well trained 
eyes of the pathologist. 
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